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Abstract
Large-scale irrigation districts are the important scale agricultural and commodity grain production bases in the world. The total
amount control and multi-dimensional critical regulation and control technology of water resources in irrigation districts have
become the key problems of food security and water safety in China. In this paper, we mainly research on water recourse of
the Hetao irrigation area in Inner Mongolia, establish the multi-dimensional attributes index system of water recourses in Inner
Mongolia Hetao irrigation district, analyze the internal relationship of attributes in the same dimension and between the multi-
dimensions, adjust and improve the original index system, and further put forward the speciﬁc adjusting and controlling index
of water recourses for each dimension. The purpose of all these works is to provide technology support to establish the multi-
dimensional critical control model of water resources in the Hetao irrigation district, ultimately achieving the goal of social and
economic sustainable development in the irrigation area.
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1. Background
Large-scale irrigation districts are the important scale agricultural and commodity grain production bases in the
world. The total amount control and multi-scale allocation technology of agriculture water resources in irrigation
districts have become the safeguard of our country’s key problems of food security and water safety15. China has
existing 402 large irrigation areas which are bigger than 20,000 hectares, eﬀective irrigation areas are more than
1.58 million hectares, about 30% of the total irrigation areas in our country, produce more than a quarter of the total
grain production, create more than a third of the country’s gross national farm product, provide more than 1/7 of the
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country’s industrial and urban domestic water, beneﬁt more than 200 million people6. Large-scale irrigation districts
have a direct inﬂuence with the local people’s live and the safety of living environment, production development,
life safeguard, and all people’s livelihood of water conservancy projects. The shortage of irrigation water is the most
important factor restricting the development of agriculture in north China. Under the shortage of water resources,
how to guarantee the development of irrigated agriculture is a problem we must face. Controlling the total amount
of irrigation water and reasonably allocating limited irrigation water are eﬀective ways to solve above problem. Ac-
cording to these situations, the irrigation districts’ agriculture water resources controlling and multi-scale allocation
technology have become the key support to the protection of the food security and the solution of water problems in
our country16.
The Hetao irrigation district in Inner Mongolia is one of the three very large irrigation area in China, the average
rainfall in the district is less than 250 millimeters, and the average evaporation is more than 2000 millimeters for
many years, the agricultural production water is all depend on the Yellow River. No irrigation, no agriculture. From
1980 to 2000, the annual amount of water used in irrigation districts from the Yellow River is 5.2 billion m3 14. To
solve the problem of the contradiction between demand and supply of water resources in the Yellow River basin, the
Yellow River Conservancy Commission stipulated that the quantity of water diversion from Yellow River for Hetao
irrigation area cut down to 4 billion m3 from 5 billion m3 in 2000 to 2010, the reduction reaches 20%. That must
have a signiﬁcant inﬂuence to the development of agricultural irrigation. From 1999 to 2009, the implementation of
water-saving engineering in irrigation districts gradually reduced to 4.5 billion m3, but to the requirement of 4 billion
m3, the Hetao irrigation must reduce more 500 million m3 water every year, the lack of water will be further sharp.
On the other hand, in recent years,the industrial and urban development of Bayannur need more and more water,
forcing the agriculture in Hetao irrigation district release some water to meet the demand of industrial and urban
development in irrigation area. In 2008, Bayannur owned 5.53 billion m3 water resources in total, the surface water
resources are 4.62 billionm3, and the groundwater resources are 2.46 billionm3. In 2008, in Bayannur’s administrative
partition of total water use, agricultural water consumption is 4.71 billion m3, accounting for 96.4% of the total water,
industrial water consumption is 96 million m3, accounting for 2.0% of the total water, life water consumption is 79
million m3, accounting for 1.6% of the total water. On the other hand, from the periods of agriculture water using in
the Hetao irrigation district, the agriculture water resources are more lack, especially from the mid September to the
end of October, due to the large area of the irrigation distinct, the autumn irrigation water account to 1/2 of the total
irrigation water quoted from the Yellow River every year, the contradiction between demand and supply is very sharp
in this period. At the same time, with the inﬂuences of land household contract management, planting structure make
crop water requirement be not synchronized, causes the large amount of waste water, intensiﬁed shortage of irrigation
district agriculture water recourses.
At the same time, the irrigation return water carry a large amount of nitrogen and phosphorus into surface water and
groundwater making the amount of nitrogen and phosphorus in surface water and groundwater in irrigation area gen-
erally overweight, making the safety of local people’s drinking water be in great danger. The reducing of agricultural
irrigation water in the Hetao irrigation area, the deterioration of ecological environment, the urban domestic water in
irrigation area and the social and economic development on water resources competition, have seriously restricted the
development of agricultural production in the Hetao irrigation area.
In this paper, we mainly research on water recourse of the Hetao irrigation area in Inner Mongolia, establish the
multi-dimensional attributes index system of water recourses in Inner Mongolia Hetao irrigation district, analyze the
internal relationship of attributes in the same dimension and between the multi-dimensions, adjust and improve the
original index system, and further put forward the speciﬁc adjusting and controlling index of water recourses for each
dimension. The purpose of all these works is to provide technology support to establish the multi-dimensional critical
control model of agriculture water resources in the Hetao irrigation district, ultimately achieving the goal of social
and economic sustainable development in the irrigation area.
The rest of the paper is organized as follows: Section 2 brieﬂy introduces the principle and calculation of correla-
tion analysis. Section 3 proposes the correlation analysis of multiple-dimensional properties about water recourses,
including the analysis of properties in the same dimension and between the diﬀerent dimensions. Section 4 contains
concluding remarks.
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2. Principle of Correlation Analysis
Correlation analysis refers to two or more variables which are relevant, and the purpose is to measure the degree of
how closely related the two variable factors are. Correlation does not equal to causation, also not a simple instantiate
dependency. The ﬁelds correlation analysis covered almost include all aspects we usually face.
In mathematical statistics, the covariance and correlation function are extremely important digital features of s-
tochastic variables. For variable x = (x1, x2, . . . , xn) ∈ Rn, deﬁne
Ci j = E((xi − E(xi))(x j − E(x j))), i, j = 1, 2, . . . , n, (1)
where E(x) is the mathematical expectation of variable x.
Matrix
C =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
c11 · · · c1n
...
. . .
...
cn1 · · · cnn
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(2)
is the covariance matrix of the random variable x = (x1, · · · , xn). The correlation coeﬃcient is deﬁned as
Ri j =
Ci j√
Cii·C j j
, (3)
and matrix
R =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
R11 · · · R1n
...
. . .
...
Rn1 · · · Rnn
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(4)
is the correlation coeﬃcient matrix of variable x.
For the correlation coeﬃcient Ri j ∈ [−1, 1], there are following properties:
• If Ri j > 0, it demonstrates that variables xi, x j are positive correlated;
• If Ri j < 0, it demonstrates that variables xi, x j are negative correlated;
• If |Ri j| = 1, it demonstrates that variables xi, x j have completely linear correlation, in the other word, xi, x j have
functional relationship;
• If Ri j = 0, it demonstrates that variables xi, x j almost have no linear correlation;
When 0 < |Ri j| < 1, it means variables xi, x j have varying degrees of linear correlation, and if the value of |Ri j| is
more close to 1, the correlation of the two variables is more close; oppositely, if the value of |Ri j| is more close to 0, it
means the correlation of the two variables is more weak. Following the experience, we can have the following rules:
|Ri j| < 0.4 means low linear correlation; 0.4 < |Ri j| < 0.75 means signiﬁcant linear correlation; 0.75 < |Ri j| < 1 means
highly linear correlation.
3. Correlation analysis of multiple-dimensional properties about water recourses
The natural water cycles are the product of natural systems, are the result of the long-term interaction between
climate and biosphere, provide foundation for keeping ecological balance, developing economic and social system,
and protecting environment. Without human beings, the water cycles just have natural qualities, with the development
of society, the service function of water make water become valuable resources, at the same time, water recourses
appeared obvious social attributes, economic attributes and ecological attributes18,9. So we explore water recourses’
natural, social, economic, recourse and ecological properties to study water resources’ natural characteristics and
inﬂuences on human beings’ living and production.
Under the inﬂuences of environmental change and strong human activities, water cycle shows obviously the natural-
artiﬁcial characters and multiple-dimensional properties on all aspects of dynamics, structure and parameters15. Re-
course dimension describe the time and space properties, recurring features and renewable abilities of water recourses;
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Social dimension describe how water recourses as a critical recourse factor like land and energy inﬂuence the devel-
opment of society through water recourses’ supply, use, consumption and emission; economic dimension describe
water recourses’ commodity value and market eﬀects when they be used as economic productive factors; ecologi-
cal dimension describe water recourses’ aquatic ecological service functions in natural conditions and inﬂuences on
environmental system6,16. Due to the impact of strong human activities, for water cycle in Inner Mongolia Hetao
irrigation area, its economic dimension properties become stronger, recourse dimension and ecological dimension
properties become weaker, social dimensional properties become variant, the coordination of water recourses’ multi-
dimensional properties has been certain destructed. So we establish the multi-dimensional attributes index system of
water recourses in Inner Mongolia Hetao irrigation district, analyze the internal relationship of attributes in the same
dimension and between the multi-dimensions, adjust and improve the original index system, and further put forward
the speciﬁc adjusting and controlling index of water recourses for each dimension.
3.1. Correlation analysis of properties in the same dimension
3.1.1. Resource dimension
The description of water resources of Inner Mongolia Hetao irrigation area in resource dimension is mainly di-
vided into six parts: water resources endowment, Resource matching degree, the quantity of water resources, the
utilizable quantity of water resources, supply amount of water resources, the amount of water resources to the con-
sumption14,17,5,10,7,1. Combining with the actual situation of Inner Mongolia Hetao irrigation district, the speciﬁc
properties description of these six parts of water resources is shown in table 1.
Table 1. The properties of water resources in resource dimension.
dimension category properties
Precipitation
Natural characteristics of water resources Ratio of evaporation and rainfall
Mean annual runoﬀ amount
Resource matching degree Average per capita water resources availability
Water resources quantity Irrigation quota
Total amount of water resources
Resource dimension Surface water resources amount
Utilizable quantity of water resources Groundwater resources amount
Water supply
Surface water resources amount
Available water supply Groundwater use
Other surface water use
The diﬀerence between the total water use and ecological water use
Water consumption Inter-basin Water Transfers
Annual average evaporation
National economic water consumption
Based on the detailed data, we explore the correlation between this 15 attributes of water resources in resource
dimension. According to the number of the corresponding correlation coeﬃcients, we can get the relationship ﬁgure
of the high-related attributes, as shown in Fig. 1. In the ﬁgure, if two attributes are connected, they are highly linear
related.
From Fig. 1., we can see precipitation, water supply, the diﬀerence between total water use and ecological water
use, inter-basin water transfers, the national economic water consumption, the ratio of evaporation and rainfall, irriga-
tion quota and mean annual runoﬀ amount are all strongly correlated, and from the actual meaning of these properties,
there are also strong correlation between them, so we can combine them to a comprehensive index measuring the
resource dimension of water resource in Hetao irrigation district, called ”comprehensive index of water resources’
supply, use and consumption”. The numerical value of the comprehensive index is the mean value of all the related
properties, the positive or negative correlation between them has been taken into account. From Fig. 1., we can also
see that groundwater resources amount and total water resources amount are highly related, so we combine them to
”comprehensive index of water quantity”. From the ﬁgure, we can see other surface water use and the average per
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Fig. 1. The highly related properties in resource dimension.
capita water resources availability are highly related, but the actual meaning they represent are much diﬀerent, so we
save this two instead of combining them.
3.1.2. Economic dimension
The description of water resources in economic dimension in Inner Mongolia Hetao irrigation area includes four
parts: economic development level, water usage level, water diversion from the Yellow River and economic value of
water11? ,3. Combining with the actual situation of Inner Mongolia Hetao irrigation district, the speciﬁc properties
description is shown in table 2.
Table 2. The properties of water resources in economic dimension.
dimension category properties
Population
GDP
The ﬁrst industry GDP
Economic development level Gross industrial production
Construction industry GDP
Total grain output
Tertiary industry GDP
Domestic water consumption
Agricultural irrigation water use
Economic dimension Water usage level General industrial water use
Surface water supply
Groundwater water supply
Sewage waste water emissions
Water net diversion from the Yellow River
Water diversion from the Yellow River Total trench Water loss
Total small trench water diverted
Net water consumption per unit of GDP
Economic value of water Total water consumption
Water economic value in planting industry
The ratio of GDP and total water consumption
Based on the detailed data, we explore the correlation between the 20 attributes of water resources in economic
dimension. Similar to resource dimension, according to the numerical value of correlation coeﬃcients, we can get the
relationship ﬁgure of the high-related attributes in economic dimension, showed in Fig. 2.
From Fig. 2., we can see GDP, the ﬁrst industry GDP, gross industrial production, construction industry GDP, the
total grain output, the tertiary industry GDP, general industrial water use, net water consumption per unit of GDP, water
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Fig. 2. The highly related properties in economic dimension.
economic value in planting industry, the ratio of GDP and total water consumption, sewage waste water emissions
and total trench water loss are all strongly correlated, and from the actual meaning they represent, they are also highly
correlated. We combine these 12 attributes to a comprehensive index measuring the economic dimension of water
resources, called ”comprehensive index of water resources’ economic value”. Based on the same consideration, we
combine agricultural irrigation water use, the surface water supply, water net diversion from the Yellow River and
total water consumption to ”comprehensive index of water diversion and use”. From Fig. 2., we can also see domestic
water consumption and total small trench water diverted also highly related, but consider the actual meaning of them,
we do not combine them.
3.1.3. Social dimension
The description of water resources in social dimension in Inner Mongolia Hetao irrigation area includes four parts:
integrated water quantity, per capita water supply guarantee, water shortage degree, the water quality grade? 12. Com-
bining with the actual situation of Inner Mongolia Hetao irrigation district, the speciﬁc properties in social dimension
are showed in table 3.
Table 3. The properties of water resources in social dimension.
dimension category properties
Integrated water quantity Average domestic water-consumption per person
Irrigation quota
Per capita water supply guarantee Urban per capita water consumption quota
Rural per capita water consumption quota
The ﬁrst industry water consumption per year
Social dimension Water shortage degree The second industry water consumption per year
The third industry water consumption per year
Irrigation period average salinity of the Yellow River irrigation area
The average salinity of the total drainage ditch discharged into Ulansuhai Nur
The average salinity of Ulansuhai Nur discharged into the yellow river
Water quality grade The average salinity of groundwater in Hetao irrigation area
Ulansuhai Nur water quality
The average sediment concentration of water from the Yellow River
Wastewater emissions
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Based on the detailed data, we explore the correlation between the 14 attributes of water resources in social dimen-
sion. Similarly, according to the numerical value of correlation coeﬃcients, we can get the relationship ﬁgure of the
high-related attributes in social dimension, showed in Fig. 3.
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Fig. 3. The highly related properties in social dimension.
In social dimension, we combine urban per capita water consumption quota, wastewater emissions, the second in-
dustry water consumption per year to ”the second industry drainage comprehensive index”, combine the ﬁrst industry
water consumption per year, irrigation quota and average domestic water-consumption per person to ”the ﬁrst industry
drainage comprehensive index”, combine the average salinity of the total drainage ditch discharged into Ulansuhai
Nur and The average salinity of groundwater in Hetao irrigation area to ”the salinity of water in Hetao irrigation area
comprehensive index”.
3.1.4. Ecological dimension
The description of water resources in ecological dimension in Inner Mongolia Hetao irrigation area includes four
parts: ecotype, ecological functions, ensurance of the balance of Ulansuhai Nur water, COD emissions and quality
grade3,2,19,4,8. Combining with the actual situation of Inner Mongolia Hetao irrigation district, the speciﬁc properties
in ecological dimension are showed in table 4.
Table 4. The properties of water resources in ecological dimension.
dimension category properties
Cultivated Land Area
Forestry land area
Pasture area
Ecotype Forest coverage rate
Cattle Number
Horse number
Sheep Number
pig number
Ecological dimension gross amount of water resources
Total water supply
Total water consumption
Ecological functions Amount of water in medium-sized reservoirs
Irrigation area groundwater average buried depth
Water used for ecological environment
Amount of water into the sea
Ensure the balance of Ulansuhai Nur water Amount of water into Wuhai
Amount of water out from Wuhai
COD emissions and quality grade COD Emissions
Rate of pollutant emission into river reductions
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Similar to the above three dimensions, based on the detailed data, we explored the correlation between the 19
attributes of water resources in ecological dimension. According to the numerical value of correlation coeﬃcients, we
can get the relationship ﬁgure of the high-related attributes in ecological dimension, showed in Fig. 4.
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Fig. 4. The highly related properties in ecological dimension.
In ecological dimension, we combine cattle number, horse number, sheep number and pig number to ”Biodiversity
index”, combine cultivated land area, forestry land area, forest coverage rate to ”vegetation cover index”, combine
gross amount of water resources, the amount of water in medium-sized reservoirs, water used for ecological environ-
ment, the amount of water into Wuhai and the amount of water out from Wuhai to ”comprehensive index of water
balance”, combine total water supply and total water consumption to ”comprehensive index of total water supply and
use”.
3.2. Correlation analysis of properties between all dimensions
After above discussion of the properties in the same dimension, the ﬁnal properties are shown in table 5. Not
only the properties in the same dimensions are related, all the properties in resource, economic, social and ecological
dimensions are linked in myriad ways. So we explored the correlations between all the 29 properties. Similarly,
according to the numerical value of correlation coeﬃcients, we get the relationship ﬁgure of the high-related attributes
in all dimensions, showed in Fig. 5., where resource dimension marked in red, economic dimension marked in yellow,
social dimension marked in blue and ecologic dimension marked in green. From the ﬁgure, we can see all the four
dimensions are related. The correlation between resource dimension, economical dimension and social dimension are
very strong, especially the economical dimension, all the 6 properties in this dimension are highly related to the other
three dimensions. Resource dimension and social dimension are also highly related, whereas the correlation between
ecologic dimension and social dimension is weak.
After analysis of the index system, we obtain the ﬁnal attributes to describe the multiple-dimensional properties of
water resources in Hetao irrigation district. In order to make adjusting and controlling the use, supply and consump-
tion of water resource be tangible, we put forward the speciﬁc adjusting and controlling index for each dimension:
comprehensive index of water resources’ supply, use and consumption in resource dimension, comprehensive index
of water resources’ economic value in economic dimension, the ﬁrst industry drainage comprehensive index in social
dimension, the second industry drainage comprehensive index in social dimension, the third industry water consump-
tion per year in social dimension, comprehensive index of water balance in ecological dimension and the rate of
pollutant emission into river reductions in ecological dimension. In our next step, we will give full consideration to
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Table 5. All properties.
dimensions properties
Comprehensive index of water resources’ supply, use and consumption
Comprehensive index of water quantity
Surface water resources amount
Resource dimension Groundwater use
Other surface water use
The average per capita water resources availability
Annual average evaporation
Comprehensive index of water resources’ economic value
Comprehensive index of water diversion and use
Economic dimension Population
Domestic water consumption
Groundwater water supply
Total small trench water diverted
The second industry drainage comprehensive index
The ﬁrst industry drainage comprehensive index
The salinity of water in Hetao irrigation area comprehensive index
Social dimension The third industry water consumption per year
Irrigation period average salinity of the Yellow River irrigation area
The average salinity of Ulansuhai Nur discharged into the yellow river
The average sediment concentration of water from the Yellow River
Vegetation cover index
Biodiversity index
The comprehensive index of water balance
Comprehensive index of Total water supply and use
Ecological dimension Pasture area
Irrigation area groundwater average buried depth
The amount of water into the sea
COD emissions
The rate of pollutant emission into river reductions
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ZDWHUXVH
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FRQVXPSWLRQSHU\HDU
Fig. 5. The highly related properties in all dimensions.
the inner link between all properties in the four dimensions and the relative inﬂuences between diﬀerent dimensions,
and analyze them with data, only in this way we can get the right decisions which are close to the practical situation
and contribute to the development.
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4. Conclusion
In this paper, we mainly research on water recourse of the Hetao irrigation area in Inner Mongolia, establish the
multi-dimensional attributes index system of water recourses in Inner Mongolia Hetao irrigation district, analyze the
internal relationship of attributes in the same dimension and between the multi-dimensions, adjust and improve the
original index system, and further put forward the speciﬁc adjusting and controlling index of water recourses for
each dimension. In our next step, we will give full consideration to the inner link between all properties in the four
dimensions and the relative inﬂuences between diﬀerent dimensions, and analyze them with data, the purpose of all
these works is to provide technology support to establish the multi-dimensional critical control model of agriculture
water resources in the Hetao irrigation district, ultimately achieving the goal of social and economic sustainable
development in the irrigation area.
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